Abstract. The paper presents original results obtained by the authors in the energy field of the miscanthus plant aggregates, using a four-row planter, equipped with various covering organs. An original mathematical model of fuel consumption in the planting of miscanthus rhizomes is presented, obtained by an original theoreticalempirical method, based on the experimental data obtained with the help of original conception experiences, in correlation with traction resistance of the machine.The experiments performed implied different use of the working organs of the four sections of a miscanthus rhizome planting machine, each section consisting of a hoe ploughshare, but different covering organs (cover plates and a simple metal wheel for compaction, respectively two coating and compaction wheels arranged in V-configuration). The 75 experiments performed had three different working depths (0.06, 0.09 and 0.12 m), each having its own moving speed. Resulting values for specific fuel consumption were introduced into a program made in Mathcad, and by the least squares method using the mathematical model presented in the paper, the specific fuel consumption coefficients were determined for each of the five types of work organs (ploughshare, cover plates, simple compaction wheel, compaction wheel with wings, respectively the rolling train of the machine).
Introduction
Study of agricultural aggregates in their energetic space (the set of energetic parameters and their value ranges) is the final stage of researches regarding the way of working, parameters that influence performance and relationships between the parameters involved, as well as between the performance parameters and interaction parameters between the machine and the environment. At this stage, energy consumption for different working regimes is deducted, and, in addition, it is trying to assess the existence of the possible optimal working regimes.
In most researches the main optimization parameters used are: working speed (most often considered constant), working width (where it can change) and the size of the parcels. The most common objective functions are the energy consumption specific to the surface unit, consumption of fuel, production capacity, quality parameters of planting (shape and quantity of soil worked, uniformity of the work depth, uniformity of the distance between the rows, uniformity of the distance between the plants per row, etc.). For miscanthus planting machines such studies are few and the machine is difficult to fit into a more general category of machines already dealt with in the specialty literature. This is due first of all to the used particular system of machine organs and its variants.
Generally, the ploughshare is designed to open a furrow, in which rhizomes (or seeds) are deposited via a guide tube before being partially covered by the soil. The ploughshares used in planting machines differ depending on the type of the soil and working conditions. The most common types of ploughshares are the type hoe, shoe, shovel, chisel, winged chisel, inverted T, or openers with discs. The least energy consuming are the ploughshares with discs, but the gutters are generally narrow [1] . It has been determined that at ploughshares of type hoe, shoe, or shovel [2] the most important parameters that lead to minimum forward resistances are the connection angles, displacement velocity, depth and the width of the ploughshare. Also, the opening force of the furrow increases with the working speed, and the percentage of plant growth depends both on the type of the ploughshare and the working speed. The lowest resistance to soil penetration, draft force and high percentage of plant growth were recorded for a shovel type furrow opener [3] .
Papers [4;5] have approached the issue of correlation of the traction force with process parameters at rhizome planting, based on the same way of organizing experiments as in the present paper, concluding that the planting machine with covering/compaction organs in V-configuration has a higher working speed compared to machines equipped with two covering discs and a compaction wheel. Two-disc furrow openers were analysed by Javadi et al. [6] , who propose to use a modified opener for a better working process, while Solhjouet al. [7] have analysed the soil movement at the opening of the furrow with narrow geometry openings.
The evaluation of several combinations of ploughshares and compaction wheels has been studied by Bahri and Bansal [8] . The authors found that the double disc ploughshare is more suitable for use in unprocessed land, while the ploughshare type hoe was better suited to hard and dry soil conditions due to better soil penetration.The role of compaction wheels is to cover rhizomes (and seeds) with soil and improve the contact with soil. If we suppose to have a field in no-till conditions, the width of the compaction wheel must be equal to or less than the width of the gutter opened by ploughshare, otherwise the compaction wheel will tread on the furrow walls causing insufficient compaction for a good soil contact.A positive effect of compaction wheels with two row ribbing was found, which made better closing of the furrow and better compaction of the soil. Analysis of the rhizome coverage process with a two-disc coating system and a simple compaction wheel was also performed in the paper [9] .
Relatively recent studies suggest that to maximize biomass production of M. giganteuson the surface in the planting year rhizomes should have about 60-75 g, the planting depth to be of 0.10 m, and rhizomes kept in cold stores as little time as possible [10] .
The purpose of our work is to demonstrate (or at least to bring it to the fore) that the experiments in participation of each working organ of the planting machine to the general fuel consumption, or to total forward resistance of the rhizome planting machine can be organized in a way other than the usual one of separate study in the laboratory (soil channel). A mathematical model for determining the fuel consumption has been developed for each of the working organs of a miscanthus rhizome planting machine MPM-4 (designed and manufactured by INMA Bucharest institute, where 4 is the number of rows), depending on the forward resistances encountered by them, for various working conditions in the field, the resulting values being compared to those determined experimentally.
Materials and methods
Plant miscanthus rhizome machines consist of several sections (their number is equal to the number of rows). Each section is equipped with several work organs, each of which has a wellestablished role in the planting of rhizomes. MPM-4 planting machine sections are mounted on a twowheel metal frame being equipped with a ploughshare, system of distribution of rhizomes to the gutter, respectively with two types of cover organs (not both at the same time). The coating organs used and experienced by us were: 1) two coating discs and a compression metal wheel; 2) two coating wheels and metal compaction, in V-configuration, having the side surface provided with fins (blades).
An overview of a section of the rhizome planting machine is presented in Fig 6 -operator seat;7 -attachment brackets to the machine frame; 8 -spring for wheel compaction adjustment
The experiments were carried out in several variants of the structure of the four machine sections (with or without all work organs), data processing being made depending on how it is equipped. The equipment categories of the miscanthus rhizome plant are listed in Table 1 .
Experiments were performed for three values of the working depth (0.06, 0.09, 0.12 m) and were recorded: machine speed (which could not be maintained at constant values due to field conditions), (within 0.83-2.73 m·s -1 ), traction force (3.561-8.527 kN), fuel consumption (2.96-5.92 l⋅ha -1 ) and the power consumed (4.33-22.54 kW). The working depth of the ploughshare also modified the contact surface of the work organs with the soil (see Table 2 ). [4] experimental results were presented and their processing regarding the machine pulling force and its variation for the 75 experiments performed (each having other process parameters -depth, working speed, traction force, fuel consumption, power consumption). Average values of the process parameters, for the categories of the experiments mentioned above, are shown in Table 2 . In the present paper, the results on specific fuel consumption are presented and how to process them in correlation with the traction force recorded.
The land, on which the experiments were performed, was INMA Bucharest's test field, from the Baneasa area of the capital of Romania, the soil being brown-reddish forest (luvisols from the arable land category). The land was processed before planting by ploughing at 0.25 m, disking and shredding with a disc harrow and levelled with the full cultivating combinatory. Soil moisture at planting, at the depth of 0.12 m, was between 14.3-20.9 %, and resistance to penetration between 0.6-2.2 MPa, for the depth of 0.25 m, the experiments being carried out in two consecutive days.
The results obtained were processed with the statistical functions of Excel program, and correlations between the process parameters for all experiments performed are shown in Table 3 . The (-) sign in the table shows an inverse proportionality of the parameters and the closer it is to -1 or + 1, the higher the correlation is. Considering the high value of the correlation between the experimental values of the traction resistance and consumption, which are the components of the experimental data vector (0.867 for the average values of the parameters), to determine specific fuel consumption, depending on the traction resistance of the working organs of the planting machine, relationships of the following form were used:
where R b , R d , R t , R v , -represent the traction resistance due to the ploughshare of the planting section, cover plates, simple compression wheel, respectively the coating and compaction wheels arranged in V, depending on the depth of planting a and speed of work v; C b , C d , C t , C v -the specific fuel consumptions due to the four work organs, and R f the traction resistance of the displacement train (frame with wheels of the machine) and C f fuel consumption due to it; α b , α d , α t , α v , α f -coefficients specific to each type of the working organ (in l·ha -1 ·kN -1 ).
Calculation mode of the participation in the total of the traction resistance for each of the five specific elements of the miscanthus rhizome planting machine was presented in the paper [4] .
Specific fuel consumptions, respectively the coefficients
were determined by minimizing a functional that depends on these parameters (using the least squares method): 
For each of the 75 experiments performed (at different depths and working speeds) C i represents the actual fuel consumption recorded during the experiments. The index i changes the expression in function Φaccording to the experience index, which means changing the experimental conditions, more precisely the configuration of the rhizomes planting machine.
To minimize functional (2) an algorithm was used, which underlies the method used in the Mathcad program designed to solve the mathematical model. For further details, please, consult [11] [12] [13] . The solution is sought in order to comply with restrictions and to minimize the interpolated quality parameter r (relation 7).The imposed restrictions have been established in correlation with the usual values of practice, at the end of a rather long string of attempts, respective:
0.0001 1.1 1.5 0.0001 (4) and the starting point has coordinates: 0.000167 0.0001, 0.0001, 0.0001, 0.0001515,
After searches made, the following solution was obtained:
which had a mean square error of 2.682 %, as a measure of interpolation accuracy, given by the relationship:
where C ̅ is the mean value of experimental consumption; N the number of experimental data, in our case this is 75.
Results and discussion
The experimental data obtained and the mathematical model presented above were used in calculating the fuel consumption for each type of the work organ, respectively for graphical drawing of the consumption distribution for all 75 experiments (organized in the five categories, according to Table 1 and Table 2 ), also to identify the contribution of each work organ to the general machine specific consumption.
In Fig.2 graphically the fuel consumption experimentally determined is presented, in line with the calculated on the basis of the traction resistance with the above model.
Fig. 2. Distribution of experimental and interpolated consumption for all experiments
To get a quick and general information on the variation of the specific consumption with the speed of work, the consumption functions for each work variant of the miscanthus plant were graphically represented on each component of the working stations ( Fig. 3 and Fig. 4) . It is noticed that, due to the working hypotheses, consumptions corresponding to the ploughshare, cover plates and wheels with fins in V increase with increasing of the work speed, while the consumption components due to the compaction wheel and the friction between the ground and the wheels of the drivetrain are constant. Therefore, critical points of fuel consumption, on components or globally, will not be found. This statement proves easy for theoretical using and explaining consumption relationships (1). The graphs show that the fuel consumption for the machine's own displacement has a relatively constant value (about 1.4 l⋅ha -1 ), while running a single compaction wheel, the fuel consumption is very low (about 0.05 l⋅ha -1 ), being slightly larger for the rolling of V-configuration compaction/covering wheels, but also constant, regardless of the work speed. Instead, specific fuel consumption, for a working depth of 0.12 m, grows from about 0.9 l⋅ha -1 at about 1.1 l⋅ha -1 , for the working speeds up to 3 m⋅s -1 .
The comparative variation in the specific consumption of the two variants of the miscanthus plant machine is shown in Fig.4 . It can be seen that in both variants the fuel consumption increases with the working speed and the variant with wheels with fins arranged in V is more economical. It is also noted that the consumption difference between the two variants increases with increasing the work speed, but this configuration is valid within the experimental limits of the speed and working depth.Thus, for the working depth of 0.12 m, the fuel consumption increases from about 5.1, respective 5.2 l⋅ha -1 , at about 5.8, respective 6.2 l⋅ha -1 , for the two versions of the MPM-4 planting machine.
Variation with the working speed of total fuel consumption, for the working version of the planting machine with the ploughshare, cover discs and a compression wheel, at depth of 0.12 m, is shown in Fig. 5 , each individual fuel consumption being multiplied by four times, less fuel consumption to drive the machine (of the running organs). 
Conclusions
The mathematical model applied in our investigation led to identification of the fuel consumption on components of the planting machine, respectively to the variation of these consumptions with the work-depth, respectively with the operational speed. The computational program developed in Mathcad allows, also, determining the variation of the fuel consumption with the working depth, the two parameters being, obvious, directly proportional.
From the data presented in the paper, it turned out that the ploughshare of the planting machine is the largest fuel consumer (between 0.9-1.1 l⋅ha -1 for one ploughshare), and the total consumption of rhizome planting machines depends on how the machine sections are equipped, having the values between 5.2-6.1 l⋅ha -1 , for the most complex equipment (sectionswith ploughshare + covering discs + compaction wheel), at the highest work depth (0.12 m), depending on the speed of the machine. Still, the most economical option of the equipment proved to be the one with simple planting sections, only with a ploughshare and compaction/covering wheels with fins, in V-configuration. It is worth mentioning that choosing one or other equipment options depends also on the degree of processing of the soil, so that rhizomes are properly covered.
